Freundlich adsorption isotherm (for references see 2, 10, 28) . The idea that adsorption is involved in uptake seems to be gaining general acceptance at least for the initial phase of uptake (2, 16) despite the fact that the validity of the relation and of the conceptas a part of the accumulation mechanism-has been questioned (12, 28) . The present report is concerned with the relation of ion concentration in the external solution to the amount of uptake by excised tissue, as possibly an adsorptive process, and the probable significance of this relation to accumulation.
The fact seems well established that the time course of cation uptake consists of at least two, easilv distinguished, time phases: 1) an initial non-metabolic process which is presumed by many to be an adsorption, adsorption-exchange, or exchange process (1, 24, 26, 28, 30, 32) , and 2) a metabolic process, which is dependent on aerobic respiration and in which accumulation may proceed against a concentration gradient (2, 3, 4, 17, 21, 28, 36) . Phase one of the uptake, or loss, is essentially independent of temperature and aeration as shown by isotopic exchange of potassium (5) ; it corresponds in exchange to relative concentration of two ions as expected by the law of mass action (36) ; and it shows ion selectivity (13, 22) . Phase two of the uptake has a high temperature quotient (Ql0= 1.5 to 3.0) (4, 33) and is dependent on oxidative metabolism; it has been reported to be directly dependent on external concentration (14, 20, 23, 34) though evidence to the contrary has been reported for intact plants (18) .
In former years there was a strong tendency to view initial ion penetration as a diffusion and permeability process (3, 27) ; however, more recently a trend has developed to consider the first steps in uptake to be a binding reaction, eg., an ion carrier complex, either in a non-metabolic process or in energetically coupled reactions (27) . This view has received subst.ntial support recently with the demonstration that in some cases of related ions the effect of one ion on another in uptake by roots fits the AMichaelis-AMenten equation for competitive inhibition as in an enzymatic process, whereas with other ions uptake is uncompetitive (8, 9) . This concept seems not to be inconsistent, at present, with the hypothesis that an initial step in ion uptake may be best described as an adsorptive process.
Osterhout (19) has previously reported that NH4' uptake by the alga, Valonia, is not in proportion to the concentration gradient as expectedl if it is primarily a diffusion process (12) ; the uptake of bromide ions by discs of potato tuber (28) ; the uptake of phosphate ion by intact plants (35) ; the uptake of rubidium and bromide ions by potato tuber tissue (28) ; the uptake of phosphate ions by intact maize plants (10) .
The criticisms against the concept that an adsorptive process may play an important role in ion accumulation have been: 1) that uptake does not closely fit the expected curve (28, 30) ; 2) that the concept implies that adsorption itself is the concentrating power, whereas protoplasmic activity seems required to supply the driving force (11, 12, 28) ; and 3) that the adsorption equation (Freundlich) is itself only an approximation (30) or too general (12) to be of aid in any explanation of ion accumulation. With regard to criticism 2 above, there appears to be no real confliet between the idea that adsorption may play an important role in ion accumulation and the fact that accumulation requires energy from oxidative metabolism. In fact, the chief attraction of the concept of an adsorptive process is the fact that it supplies some explanation of the selectivity of protoplasm in its absorption processes (4 During the tests, the discs were submerged in solutions of rubidium chloride labelled with radioactive Rb86. The usual containers were 250-ml Erlenmeyer flasks fitted with rubber stoppers and glass aerating inlet and outlet tubes. Aeration was at a rate of 3 1/min. Ordinarily 10 or more discs were placed in 100 ml of the experimental solution giving about 6 gm or less per 100 ml of solution.
In respiration tests, manometric measurements were made with Warburg vessels having a center well and a capacity of about 15 ml. In these tests 12 discs, 1 x 7 mm, were used in 1.5 to 2.0 ml of solution. The flasks were shaken at a rate of 125 oscillations/min in a path of 4.5 cm.
The experiments on uptake and respiration were conducted at 250 C.
The use of Rb, which resembles K in absorption, as a measure of cation uptake seems justified by previous work (6, 9, 28 In experiment 1, the tissue samples were sufficiently small that relatively little change in external concentration occurred except in the weakest solution; the thinner discs of this test would be expected to show the greatest effect of internal concentration on the Rb+ absorption. In experiment 2, the design was such that both uptake by tissue and depletion in the external solution could be followed. Experiment 3, in which a small volume of solution was used and Rb+ depletion measured, constituted both a measure of an extreme effect on change of external solution, and a measure of uptake by discs.
THE TIME COURSE OF ABSORPTION AT DIFFERENT CONCENTRATIONS: Previous work has shown that potato discs transferred to a solution of RbBr show an initial time phase of very rapid uptake of cation followed by a second phase in which uptake of both ions is slower but at a relatively constant rate over many hours (28) . The time course of Rb+ uptake in the present tests confirms this finding, with respect to the cation, at a wide range of concentrations except that, in time, absorption decreased in rate. The results of experiment 2, which seem typical, are shown in figure 1. The first phase is characterized by its initial steepness and gradual change of slope; in the experiment illustrated, the first phase appeared to end within 2 hours at the lower external concentration whereas at the higher concentration it lasted over 7 hours. In both phases, it appears that uptake was a function of the concentration.
It is a striking feature that the inception of the second phase in the time course of uptake appears to bear no direct relation to the concentration gradient. Thus phase two may be seen in figure 1 (fig 3) . This is based on the assumption that phase two uptake is linear in time and that it proceeds from zero time essentially at the same rate.
A plot of the derived phase one " equilibrium"
values is shown in figure 4 in which the log1o of internal concentration is plotted against the log1o of external concentration. This is the form of the Freundlich adsorption isotherm, y = ken, or log y = log k + n log c, where y is the amount absorbed, c is the external concentration and k and n are constants. 25 .00 meq/l in experiment 1 and of 0.37 to 100.0 meq/l in experiment 2. The fit to the log vs log adsorption line is better if the 100 meq/l treatment is omitted; this is not an argument against the correlation, however, because the discs in this solution did not behave normally. (They lost some of the brown color typical of healthy potato discs, and at the end of 48 hours when they were discontinued were observed to have decreased appreciably in fresh weight. (fig 1, 3, 7) . However, the constancy of rate as shown in figure 3 ternal solution over a wide range may have no effect on absorption. Indeed, such a phenomenon has been reported over certain concentration ranges by Olsen (18) for absorption of anions by intact plants and by Overstreet et al (20) for K+ uptake by excised roots. Olsen found that in conditions in which the proportion of different ions were constant, the amount of a given ion absorbed per unit time over a wide range of concentration (e.g., for NO3, from 14.0 to 0.0003 meq/l). From the present data on potato tuber tissue, it seems likely that a similar constancy of uptake not affected by external concentration might be found under conditions in which the tissue has nearly attained a maximum capacity. It is apparent that after the first 2 hours-despite some differences in absolute uptake in conformance with the concentration gradient-the rates of uptake rather closely approached a constant value (fig 7) . This seems to be an indication that Rb absorption after the initial phase is quite uniform in rate over a wide range of external concentration and despite the direction of the gradient. This would be expected if metabolically driven absorption is a function of a surface area which is being turned over at a constant rate and on which ions are adsorbed in accordance with the external concentration.
The relation of phase two uptake rates to the amounts of Rb+ taken up initially is shown in figure  8 . Both of these values are, in a sense, hypothetical, being derived graphically from figure 3. However, it appears that the amount of Rb+ taken up by discs in the first phase in time directly governs the amount which can be taken up per unit of time. This might be expected if accumulation is mediated by an adsorber from which the ion must be accepted by the active absorption mechanism. closely corresponded to the Freundlich adsorption equation y = kcn. This relation held during the initial uptake phase when external concentration exceeded internal concentration and also during the later periods when accumulation proceeded against a concentration gradient. Arisz (2) expresses the view that an adsorption equilibrium exists in the protoplasm and that this may limit the amount of ions secreted into the vacuole. The present results are in accord with this view. Thus amounts of Rb+ accumulated by the tissue seems to be a complex function of external concentration but absorption rates approach a simple function of the amounts taken up in the initial uptake phase; this might be expected if initial cation uptake is adsorptive in nature and seems to be in accord with an idea of Osterhout's (19) .
Calculations of permeability constants of potato tuber tissue for Rb+ have shown that permeability is less in stronger RbCl solutions; similar results have also been reported by Krogh (15) . This is in accord with the idea that the number of sites or binding units in active transport is limited to any given respiration level; thus permeability inward may be high in low external concentrations with a high binding site number to Rb+ ratio but decrease markedly at lower ratios. Such a mechanism might be expected under appropriate conditions to result in a zero order rate of absorption. This order rate was approached following prolonged accumulation of Rb+ in the present study and has been reported by Olsen (18) for intact plants under conditions in which a steady state of absorption presumably obtained.
Abrupt changes in concentration result in relatively rapid changes in uptake rates. A possible interpretation is that such changes result first in a new adsorption equilibrium in the protoplasm followed by an adjustment in rate of secretion into the vacuole (or passage to inner cells of the disc) (2). Absorption rates are also influenced by internal concentration as indicated by the lowering of accumulation rates and as previously reported by Sutcliffe (32) . The rates found here are not inconsistent with the supposed reactions:
(1) Rb+,ut + HR = RbR + H+ (adsorptive)
where R is a substance binding Rb+ in uptake and releasing the cation in the cell interior in a subsequent step of the absorptive process. The Freundlich equation is reported to better fit the cases in which the adsorbent is impure or in which a multimolecular layer is adsorbed, whereas the Langmuir equation better fits the cases having a unimolecular layer (7).3 Since the present results with potato discs show con- 3 Ion uptake has been reported in at least one case (10) 
SUMMARY
The influence of external concentration of RbCl by the use of tracer Rb86 has been studied with respect to the relation of internal Rb concentration during uptake by potato tuber discs. Internal concentration was related to external concentration and conformed well to the Freundlich equation y = kCn, where y is internal concentration, c is external concentration, and k and n are constants.
The amounts of Rb+ uptake of the initial phase were approximated graphically by extrapolation of uptake curves back to zero time. These values conform very closely to expected (hypothetical) adsorption equilibria.
Approximate values for inward and outward permeability constants (P influx and P efflux) to Rb were calculated from uptake and exchange experiments and on the basis of the approximate area of the exposed cells. The relative low value of permeability outward of labelled Rb+ in exchange for stable Rb+ in the external solution seems to be in accord with the idea of a transfer process.
The experimental results are discussed and are believed to be in accord in general with the views as summarized by Arisz (2) and by Helder (10) on uptake and movement of substances in tissue, namely that the protoplasm or symplasm may show an adsorptive relation with the external solution, and that this may limit secretion into the vacuole or limit other consumption, e.g., passage to other cells. The results on uptake rates are not inconsistent with the hypothesis that in accumulation a binding reaction occurs in which Rb+ combines with a protoplasmic constituent:
xRb+ + R = RbXR where Rb R = Rb+ + R-may limit the rate during the early phase of active accumulation. It is suggested that R in initial uptake may not represent a -single substance or a carrier behaving stoichiometrically.
